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TAKING  INDICATOR  DIAGRAMS  OP  HIGH  PRESSURE 


GAS  COMPRESSOR? 


/  4h.e  following  is  a  translation  of  an  article 
f  I 

by  L.F. Vereshchagin  and  B .  P . Demyasbke vl eh  | 

entitled  “Inditserchaniye  gaaovogo  korapresaora 
vysokogo  davlenlya"  (English  version  above ) 
in  Bribery  i  Teknika  Eksperimenta  ( Instruments 
and  Experimental  Procedures) ,$o,l, Moscow, 

J  an~P  eb  1960, pages  118-122 »/ 


We  give  a  description  of  a  high  pressure  gas 
compressor  and.  methods  of  obtaining  indicator  diagrams  by 
i  means  of  three  types  of  detectors*  The  designs  of  these 
detectors  and  their  technique  of  operation  are  described.* 
We  give  the  indicator  diagram  obtained  with  an  Ionic 
j  glow  discharge  detector* 


Ag  a.  rule*  .gas  compressors  in  which  we  succeed  in 


1 


I 

i 


I  achieving  substantial  pressures  have  multi- stages. The  i 

|  ,  I 

;  compression  ratio  of  each  stage  in  such  a  compressor  docs  j 
:  not  exceed  6-7.  Independent  foreign  firms  manufacture  a  j 
|  super-high  pressure  single-stage  gas  compressor.  %h&  firm  | 

J  "Amslep”  in  Switzerland  manufactures  a  four-stag©  com-  \ 
pressor*  with  a  hydraulic  device  and  with  automatic  control! 

t 

;  With  an  intake  pressure  of  one  kilo -atm  , .  the  compressor  • 

permits  gas.  compression  up  to  4  kilo-atm.  Sag®  and  Lacey 
/!/  published  the  design  of  an  experimental  gas  compressor, 

,!  intended  for  study  of  thermodynamic  properties  of  condensed 
liquids.  This  compressor  permits  compression  of  air  from  f 

i 

I  pressure  270  to  800  kilo- atm.  Korndorf  /2/  constructed  a 
gas  compressor  for  a  pressure  up  to  5  kilo- atm* 

Vereshchagin  and  Ivanov  have  constructed  a  single- 
stage  gas  compressor  /4/  for  a  pressure  up  to  5  kilo- atm 
with,  a  compression  r&ti.o  of  100.  Such  a  high  compression  j 

ratio  is  caused  by  an  extremely  small  idle  volume, 

■ 

occupying  0.01  of  the  working  volume, and  a  securely  | 

I 

sealed  compression  chamber.  The  sealing  of  the  piston  in  | 

the  compressor,  in  contrast  with  the  sealing  used  In  the  j 

majority  of  high  pressure  compressors,  is  realized  by 
means  of  an  elastic  steel  sleeve  (section). 

As  is  known,  the  actual  compression  cycle  in  a 
super-high  pressure  compressor  is  considerably  more 


i 


|  complex  theoretically  and  the  equation  of  state  only  j 

approximately  describes  the  real  picture  of  the  complex  i 
processes  which  take  place  in  the  cylinder  of  the  super-  j 
;  high  pressure  gas  compressor.  In  contrast  with  the 
i  theoretical  indicator  diagram,  the  intake  line  and  the 
delivery  line  are  not  straight,  which  is  caused  by  a  f 

1  -  r 

variable'  pressure  loss  during  the  flow  of  gas  through  •  | 

j 

channel, which  is  connected  with  a  variation  in  gas  velocity 
depending  on  the  piston  speed, vibration  of  the  valves, 
vibration  in  the  supply  linos.  The  compression  curve  as 
1  wall  as  the  expansion  curve  deviate  from  the  polytropic 
curves,  which  they  characterise  in  the  theoretical  cycles} 
these  deviations  are  caused  by  heat  exchange  between  the 
gas  and  the  cylinder  walls.  During  intake  the  gas  extracts  : 

i 

heat  from  the  heated  cylinder  walls;  thus , initially 
compression  occurs  with  heat  supply  , and  consequently,  { 

i; 

with  an  index  greater  than  the  adiabatic  index.  In  the 

compression  process, the  gas  temperature  increases, the 

temperature  difference  between  the  cylinder  walls  and  the 

gas,  by  decreasing,  becomes  instantaneously  equal  to  zero, 

via.  the  process  becomes  instantaneously  adiabatic.  Then  j 

|  during  the  displacement  of  the  pis ton, the  gas  begins  to  j 

| 

give  off  heat  to  the  cylinder  walls  and  the  polytropic 
index  changes  sign,  ! 


r 


|  The  most  complete  representation  of  the  processes 

I  occurring  during  the  gas  compression  in  &.  super-high. 

| 

pressure  compressor  gives  an  indicator  diagram  taken  j 

directly  from  the  working  compressor,  j 

|  DESCRIPTION  OF  THE  APPARATUS 

,  j 

The  apparatus  includes  a  single-stage  compressor  with 
a  driving  gear  from  an  electric  motor, equipment  for  precise j 
I  measurement  of  the  rod  position, a  high-pressure  valve,  a  j 

...  _  I 

supply  line, and  compressing  equipment.  An  overall  view  oi  a 

i 

the  equipment  is  shown  in  Pig.l,  We  give  a  description  in  j 
principal  form  of  only  the  main  part  of  the  equipment-  -  \ 

the  head  of  the  gas  compressor  and  the  measuring  equipment,! 

During  gas  compression  to  high  pressures,  large  f 
loads  act  on  the  components  of  the  compressor  head.  This 
fact  led  to  the  necessity  of  making  the  compression  chamber \ 
in  the  form  of  a  multi-layer  vessel.  The  design  of  the  head 
| is  given  in  Fig. 2,  A  coupling  sleeve  is  inserted  inside  the 
frame  of  the  head  8  onto  a  sliding  fitting.  Into  the 
lc circling;  sleeve  is  inserted  cone  valve  3,  the.  lower  end  of 

! 

which  rests  on  the  sealing  sleeve  4.  Sleeve  4  rests  on  the 

[frame  of  the  lower  seal  5,  In  the  lower  part  of  frame  5  is 

| 

.{located  a  cascade  of  elastic  steel  sleeves  6,  which  prevent; 


4 


t 


|  chamber  will  occur  until  the  beaded  edge  of  the  piston, 

i  I 

|  during  its  motion  to  the  upper  dead  center,  does  nos  cover 

the  intake  orifice.  As  only  the  upper  part  of  the  rod 

enters  into  the  elastic  sleeve, the  compression  begins  in 

the  upper  chamber, and  also  in  the  chamber  formed  by  a 

;  reinforced  part  of  the  piston  and  the  frame  of  the  lower 

seal.  Therefore  the  degree  of  pressure  increase  proportion- 
i 

ai  to  the  piston  displacement  in  each  of  the  chambers  will  i 

be  unequal  because  of  the  different  volumes,  determined 

by  the  piston  in  the  upper  and  lower  chambers. 

The  geometrical  relations  of  the  components  of  the 
maintained 

head  are  in  the  lower  chamber  with  a  small  degree 

of  pressure  increase,  A  decrease  in  the  pressure  difference 

between  the  chambers  reduces  the  possibility  of  a  leak  from 

|  the  upper  chamber.  The  compressed  gas  flows  through  a 
* 

i  pressure  valve  2  into  a  pressure  line  then  along  a  supply 
line  through  a  pressure  valve  and  enters  a  receiver.  The 
operation  of  a  compressor  over  the  necessary  pressure 
limits  is  guaranteed  by  an  appropriate  needle  valve 
aperture «  The  friction  surface  is  lubricated  by  means  oi 
Stauffer  lubricating  grease. 


MEASURING  APPARATUS 


6 


- - - "'- - 

The  pressure  variation  in  the  compressor  cylinder 
as  a  function  of  the  piston  position  Is.  controlled  by  a 


ionic  detector  /4/ .  | 

In  this  paper  it  is  not  necessary  to  describe  in  | 
detail  the  design  and  technique  of  working  with  piezoelectric 
crystal  detectors,  because  detectors  of  a  similar  nature  j 
«ro  widely  used  in  various  measurements.  The  research 

\ 

detector  was  made  from  two  plates  of  barium  met&tik&n&te  \ 

i 

(fig, 3}*  The  casing  of  rod  2  is  screwed  into  the  compressor  j 

jt 

jhead.-  Into  the  casing  we  carefully  insert  a  ground  rod  fc,  ; 

bn  which  the  diaphragm  of  the  detector  housing  5  rests.  The 

[rod  is  utilized  to  decrease  the  gaa  pressure  on  the  i 

[diaphragm.  Inside  the  detector  ,on  the  spherical  support, 

are  found  two  plates  prepared  from  barium  metatitanate.  ihe  j 
;  s 

piezoelectric  crystals  were  subjected  to  preliminary  j 

F  | 

lightening  so  that  the  pressure  on  the  plates  was  proper-  j 

\  | 

jt  tonal  to  the  variation  in  gas  pressure  on  the  diaphragm.  j 

The  change  which  originates  on  the  surfaces  of  the  plates  j 

lj.ue  to  compression  moves  across  the  inlet  4  into  a  d— c  j 


! 


f  aiaplif  lex*  and  then  into  a  MPO-2  loop  oscillograph*  Th© 

i 

detector  was  calibrated  by  Means  of  a  hydraulic  compressor 

e 

when  mounted  to  the  equipment  onto  the  compressor* 

Besides  the  piezoelectric  crystal  detector  we  used 
an  induction  detector?  detectors  of  this  type,  as  well  as  j 

!  ^  I' 

|  the  piezoelectric  crystal ' type  are  widespread*  The  Indue*  j 

tion  detector  was  mounted  on  the  compressor  head  at  feh«  ;  I); 

same  place  as  the  piezoelectric  crystal*  Fig* 4  gives  a  j 

diagram  of  the  detector  arrangement.  The  induction  deteetorj 

:  in  assembly  1  is  clamped  by  nut  2  to  reducer  5#  Through 

pellet  5  ,the  movable  part  of  the  detector— rod  4  bears 

on  diaphragm  ,6,  inserted  in.  the  compression  chamber  .The 

:  deflection,  of  the  diaphragm  during  a  process  of  gas 

|  compression  is  proportion  to  the  pressure  variation  in  the 

I  cylinder.  Displac aments  of  the  diaphragm  by  the  pellet  are 

transmitted  by  the  movable  part  of  the  induction  detector? 

jits  signal  is  recorded  by  a  loop  oscillograph*  The  detector 

1  is  calibrated  together  with  the  diaphragm  against  the 

equipment  in  the  compressor. 

For  a  more  accurate  study  of  the  gas  compression 

process  in  the  compressor,  we  used  a  normal  glow  discharge 

electronic  detector.  This  type  of  detector  is  very  sensi- 
i 

tive  to  a  small  displacement  of  a  moving  electron*  Pig. 5 
presents  the  design  of  this  detector.  A  stationary 


[molybdenum  electrode  2  is  placed  in  the  glass  cylinder  1. 

| The  bottom  of  the  cylinder  is  a  metallic,  diaphragm  of  a 
special  alloy.  The  pressure  inside  the  cylinder,  the 
magnitude  of  the  discharge  gap  are  determined  so  that  &  J 
: normal  glow  discharge  arises  between  the  electrodes.  In  ; 
thi*  case  the  detector  possesses  maximum  sensitivity.  j 

...  I 

Diaphragm  5  is  made  from  type  Sh  hh~15  steel  and  is  heat  ; 

i 

treated,  to  great  hardness.  The  diaphragm  is  secured  to  tne  | 
head  by  a  clamp  nut  4  at  the  same  places  where  the  two 
J previous  detectors  were  situated.  During  its  preparation 
}we  placed  in  the  center  of  the  diaphragm  a  rod, on  which 

I  '  .  . .  .  i 

J  we  p  lac  8  cl  .8.  movable  detector  6  Is  c  trod  b  *  With.  &  pressure  | 

'  | 

! variation  in  the  compression  chamber,  fcheBiaphragm  is  | 

displaced  and  the  distance  between  the  d erector  exec trou a s  j 

! changes  *  The  detector  signals- move  tc  a  d~c  amplifier  and 

are  recorded  by  a  POE  14  oscillograph*  , 

: 

For  the  orientation  of  the  indicator  diagrams 
relative  to  the  angle-  of  rotation,  of  the  cran.ksh.ai  marks 
i w b v b  d t a wn  o n  t h 6  v e c o v d.  1  n g tJ  oorrespo nd in g  in  a  del  inlte 
w ay  to  the  moving  piston*.  Five  points  were  chosen  aeg 
apart#  For  this  purpose,  the  sheave-  of  a  photocell  was  j 

fixed  onto  the  compressor*  Each  photocell  had  an  individual j 


socket  in  the  sheave  and  an  aperture  through  which,  a  beam 
(of  light  passed  *  In  front  of  the  sheave  was  a  moving  needle 


1 


I  connected  to  the  crankgear  of  the  compressors  alternately  j 

6  ‘  \ 
i  | 

l  '  I 

|  overlapping  the  aperture  and  causing  the  signal  registered  j 
I 

|  by  the  oscillograph, 

I'  Pig, 6  presents  the  indicator  diagram  obtained  by 

j 

I  means  of  an  ionic  glow  discharge  detector.  As  was  stated. 


l 

J  above. 

the  compression  in 

the  upper 

\ 

1  moment 

the  rod  penetrates 

the  s la st 

\ 

|  diagram 

i  this  corresponds 

approximat 

r  „  j.,,  „  t 

t  at  this  moment  the  degree  of  the  increase  rises  sharply#  ine{ 

|  I 

i  components  of  the  crankgear  sustain  large  loads  on  this  j 

I  "  1 

t  i 

t part «  i 

\  *  j 

j  During  the  displacement  of  the  piston  rod  to  the  j 

!  .  j 

|  upper  dead  point  UT«m.t» )  , large  stress  is  applied  to  one  j 

S  *  direction  j 

|  pressure  valve  from  the  of  the  compression  chamber,  j 

direction  \ 

j  Wheat  the  stress  acting  on  the  valve  from  the  of  the  j 


I  compression  chamber  exceeds  somewhat  the  stress  from  the  } 

k  i 

j  „  1 

!  direction  of  the  delivery  line,-  the  valve  in  opened  and  [ 

! 
i 

|  fche  ga.B  flows  into  the  delivery  system#  Hie  moment  for 
1 

|  opening  the  vslvo  depend s  on  the  inlet  pressure  anci  the 

| strength  of  the  spring  valve ,  On  the  diagram  this  corre 
| 

spends  approximately  to  point  2,  During  the  dead  point 
(v.m.t# )  transition  by  the  rod,  the  pressure  in  the 

| compression  chamber  begins  to  decrease,  and  the  valve 

1 
} 

c loses  under  the  action  of  the  forces  directed  from  th 


10 


direction  of  the  delivery  line  arid  the  elastic  force.  On 

the  diagram  this  corresponds  to  point  3.  The  amount  of  gas 

1  . 

|  remaining  in  the  compression  chamber  after  the  Valve 

closes  is  determined  by  the  idle  volume  and  operating 

conditions  of  the  valve.  The  residual  gas  expands  until  | 

the  apertures  of  the  exhaust  close  (point  4) .  The  area  of  j 

the  indicator  diagram  expresses  ,  on  a.  certain  scale,  the  j 

work  expended ^in  compressing  the  gas  during  a  single  j 

working  stroke.  I 


I  FXBIIOGMPKr 


1,  B. H.  Sage,  W.H. Lacey. Rev,  Sclent .  Ins  train. 


1947,18,650 


2.  B, A.Korldorf ,  Technology  of  High  Pressures  in 
Chemistry  (Teknika  VYgokikh  D&ylenii  v 


Khimi i } ,1952, Go s  khmi zd at. 


3 .  L.F « Vere shchagln , V . E *  Ivanov , PTE, 1957 ,No»4, 73 . 

4.  Mechanical  Control  with  Electron  Currants 

( Mekhanicheskoye  Upravleniye  Elektronnymi 
Tokami ),K. -tekn.o-vo  pribopostr .prom-sti. 

Inf ormatslonnoye  nis fmo . ,No,4, 1956 , Prof isdat 

5.  L.F .Vereshchagin .A. A. Semerchan , V. A. Galakt ionov. 


PTE, 1957, No. 5, 79. 


t 


F:lg»  1.  Overall  Vi m 
of  the  Bqv.ips?sstv 


* 


fig.  g.  Section  of  the  Gas 
Compressor  Head. 
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Fig.  3.  Section  Fig.  4.  Assembled 
of  the  Pie20eae»  Induct!  os*  Detector 
etric  Detector.  With  Diaphragm. 


Fig.  5^  Section  of 
lode  Detector  With 
Bl&phmjpss. 
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